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WHFKQRORJ\ LV WRDGGD VHSDUDWHDQDORJFLUFXLW WKDW FDQFDOLEUDWHQRQOLQHDURI$'&V7KHUHDUHFRPPRQ
PHWKRGV VXFKDVFDSDFLWDQFHFRUUHFWLRQFDSDFLWRUHUURUDYHUDJLQJ WHFKQLTXH'$&DLGFRUUHFW WHFKQLTXH
DQGVRRQ>@
$VVKRZQLQ)LJXUHLWLVVLPSOHLQSULQFLSOHRIDQDORJFDOLEUDWLRQEXWWKHDGGLWLRQDOFLUFXLWZLOOEH
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FRUUHFWVLJQDOLQWKHLQSXWVLJQDO$QGWKHQH[WVWHSLVWRSURFHVVWKHHUURURIPHDVXUHPHQWLQGLJLWDOGRPDLQ
7KH PDLQ DGYDQWDJH RI GLJLWDO FRUUHFWLRQ WHFKQLTXH LV WR DYRLG WKH RULJLQDO DQDORJ FLUFXLWV PDNH QR
FKDQJHVLQWKHFLUFXLWVZKLFKZLOOKDYHQRHIIHFWVRQFLUFXLWSHUIRUPDQFH>@>@
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VHSDUDWHFRUUHFWLRQF\FOHDQGFRPSDUHZLWKWKHRXWSXWVLJQDOWRJHWWKHHUURUSDUDPHWHUVDQGWKHQDQDO\VLV
WKH HUURU SDUDPHWHUV WR FRPSHQVDWH WKH QRQOLQHDULW\ ,W LV IDVW WR FDOLEUDWH HUURU SDUDPHWHUV LQ SUH
FDOLEUDWLRQEXWLWQHHGWRDGGWKHVHSDUDWHFDOLEUDWLRQF\FOHDPRQJWKHQRUPDOWUDQVIRUPF\FOHV,QVRPH
V\VWHPVWKLVSDXVHVLWXDWLRQLVXQDFFHSWDEOH
7KHPDLQLGHDRISRVWFDOLEUDWLRQLV WRH[WUDFW WKHHUURUSDUDPHWHUVWKURXJKWKHUHODWLYLW\EHWZHHQWKH
SVHXGRUDQGRPLQSXWVLJQDODQGRXWSXWVLJQDODQGWKHQVXEWUDFWWKHHUURUSDUDPHWHUVIURPWKHLQSXWVLJQDO
WRJHWWKHFRUUHFWHGRXWSXWVLJQDO8VXDOO\DORQJSVHXGRUDQGRPVHTXHQFHLVFKRVHQWRDYRLGWKHUHODWLYLW\
EHWZHHQ FDOLEUDWLRQ VHTXHQFH DQG WKH LQSXW VLJQDO 7KH SRVWFDOLEUDWLRQ ZLOO FRVW PRUH WLPH EXW WKH
FDOLEUDWLRQDQGWUDQVIRUPFDQUXQDWWKHVDPHWLPHZKLFKLVDQXQPDWFKHGDGYDQWDJHFRPSDUHGZLWKWKH
SUHFDOLEUDWLRQ>@>@$ERYHDOOGLJLWDOSRVWFDOLEUDWLRQLVFKRVHQWRFRUUHFWWKHQRQOLQHDURI$'&LQWKLV
SDSHU)LJXUH
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)LJXUH 'LJLWDO3RVWFDOLEUDWLRQ
9ROWHUUDNHUQHOVPHDVXUHPHQW
&RQVLGHULQJWKH$'&V¶VWUXFWXUHVDQGWKHLQIOXHQFHRIQRQOLQHDUWKHEHVWFKRLFHIRUWKHOLQHDUL]DWLRQLV
GLJLWDO SRVWFDOLEUDWLRQ 'HSHQGLQJ RQ DSSOLFDWLRQV IRXU PHWKRGV KDYH EHHQ DGGUHVVHG LH WKH 3RZHU
VHULHV WKH ([SRQHQWLDO VHULHV WKH7D\ORU VHULHV DQG WKH 9ROWHUUD VHULHV 6SHFLILFDOO\ WKH IRUPHU WKUHH
VHULHVHV DUH GHVLJQHG IRU PHPRU\OHVV V\VWHPV ZKLOH WKH 9ROWHUUD VHULHV ZKLFK FRXOG EH FRQVLGHUHG D
³7D\ORUVHULHVZLWKPHPRU\´LVGHYHORSHGIRUPHPRU\V\VWHPV>@6LQFHWKLVSDSHUFRQFHQWUDWHRQ$'&V
WKH9ROWHUUDVHULHVLVWKHSURSHUFKRLFH
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)URPWKHHTXDWLRQLWLVHDV\WRNQRZWKDWWKHPRVWLPSRUWDQWSUREOHPRI9ROWHUUDVHULHVLVKRZWR
ZRUNRXWWKHQ WKRUGHUNHUQHO7KHPDLQPHWKRGRIJHWWLQJ9ROWHUUDNHUQHOLVOHDVWVTXDUHPHWKRGPXOWL
WRQHVLJQDOPHWKRGDQG9DQGHUPRQGHPHWKRG>@
/HDVWVTXDUHPHWKRG
7KHPDLQLGHDRIOHDVWVTXDUHPHWKRGLVWRH[SUHVVWKH9ROWHUUDVHULHVDVDYHFWRUXVLQJOHDVWVTXDUHRI
QRLVHHVWLPDWHVWRJHWQ WKRUGHUNHUQHO7KHQRQOLQHDUV\VWHPFDQEHVLPSOLILHGWRWKHHTXLYDOHQWV\VWHP
Yang Yang et al. / Physics Procedia 24 (2012) 724 – 730 727

 K W
 LX W  RX W
 Q W
 Y W

)LJXUH 7KHHTXLYDOHQWV\VWHPPRGHORIQRQOLQHDUV\VWHP
8VLQJWKH9ROWHUUDVHULHVWRH[SUHVVWKHUHODWLRQVKLSEHWZHHQLQSXWVLJQDODQGRXWSXWVLJQDO
 
       
   
     
          
      
R
W W W
L L L
W W
Q Q L L Q Q
X W Y W Q W
K X W G K X W X W G
K X W X W G
τ τ τ τ τ τ τ τ τ
τ τ τ τ τ τ τ
−∞ −∞ −∞
−∞ −∞
= +
= − + − − +
+ − −
³ ³ ³
³ ³

   
.
 (4) 
:KHUH  LX W LVWKHV\VWHPLQSXW  Q W LVQRLVH  Y W LVWKHV\VWHPRXWSXW   X W LVWKHWRWDORXWSXW,QRUGHU
WRDSSUR[LPDWHWKHHTXDWLRQWROHDVWVTXDUHHVWLPDWLRQIXQFWLRQWKH9ROWHUUDVHULHVFDQEHVDPSOHGWRJHW
LWVGLVFUHWHIRUP
      7R L8 N 8 N + 1 N= +  (5) 
:KHUH  L8 N LV WKH VDPSOLQJ LQSXW GDWD VHTXHQFH + LV Q WKRUGHU NHUQHO VHTXHQFH 8VLQJ WKH OHDVW
VTXDUHPHWKRGWRJHWWKHOHDVWVTXDUHHVWLPDWLRQRIWKHHUURUIXQFWLRQWKH9ROWHUUDNHUQHOVRIWKHHVWLPDWHG
V\VWHPFDQEHREWDLQHG
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7KHDGYDQWDJHRI OHDVW VTXDUHVPHWKRG LVXVLQJ WKH LQSXWDQGRXWSXWVLJQDORI WKHV\VWHPWRHVWLPDWH
9ROWHUUD .HUQHOV GLUHFWO\ ZLWKRXW DGGLQJ DGGLWLRQDO WHVW VLJQDOV%XW WKHUH ZLOO EH D ODUJH QXPEHU RI
FDOFXODWLRQVDQGWKHDOJRULWKPLVFRPSOH[WRDFKLHYH
9DQGHUPRQGHPDWUL[
$QRWKHU PDMRU PHWKRG LV 9DQGHUPRQGH DOJRULWKP ZKLFK KDV YHU\ VLPSOH SULQFLSOH :LWK WKH
VXSHUSRVLWLRQDQGKRPRJHQHLW\RI9ROWHUUDV\VWHPPRGHOWKHVLPSOHHTXLYDOHQWV\VWHPPRGHOFDQDOVREH
XVHGLQWKH9DQGHUPRQGHPHWKRG
7KHUH DUH DGGLWLRQDO LQSXW DQGRXWSXW VLJQDOZKLFK DUH WUHDWHG DV WHVW VLJQDO LQ QHHGZKHQXVLQJ WKH
9DQGHUPRQGHDOJRULWKP6HWWKHWHVWLQSXWVLJQDO  [ W RXWSXWVLJQDO  \ W DQG  Q\ W LVWKH Q WKRUGHURXWSXW
UHVSRQVHZKHUH 1 FRQWDLQVPHDVXUHPHQWQRLVHVDQGWKHLQIOXHQFHRIKLJKHURUGHUUHVSRQVH>@
 

    >   @
Q
L
L
< W \ W 1 ) [ W 1
=
= + = +¦ . (7) 
,IFKDQJHWKHWHVWLQSXWLQWR  D[ W DFFRUGLQJWRWKHVXSHUSRVLWLRQDQGKRPRJHQHLW\RI9ROWHUUDNHUQHO
WKHHTXDWLRQFDQEHUHZULWH
 
 
    >  @  
Q Q
L
L L
L L
< W \ W 1 ) D[ W Q D \ W 1
= =
= + = + = +¦ ¦ . (8) 
728  Yang Yang et al. / Physics Procedia 24 (2012) 724 – 730

*HWWLQJ9ROWHUUDNHUQHOLVWRZRUNRXWWKH Q WKRUGHUUHVSRQVH  Q\ W RIWKHHTXLYDOHQWV\VWHP$ERYHDOO
GLIIHUHQW LQSXW VLJQDO FDQ EH DFKLHYHG E\ FKDQJLQJ D  DQG WKHQ JHW WKH Q WKRUGHU UHVSRQVH  Q\ W 
$FFRUGLQJ WR WKH UHTXLUHGRUGHURI WKH9ROWHUUDNHUQHOVGLIIHUHQWDPSOLWXGHRI LQSXW VLJQDO FDQEH WDNHQ
ZLWK WKH VDPH IUHTXHQFLHV )RU H[DPSOH LI UGRUGHU NHUQHO LV UHTXLUHG ZH FDQ DSSO\ WKH
VLJQDO        D [ W D [ W D [ W DVWKHLQSXWRIWKH$'&VDQGGULYHWKHRXWSXWUHVSRQVH    < < < 
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$VVXPLQJ 1 LVQHJOLJLEOHDQG    < < < DQG    D D D LVNQRZQTXDQWLW\WKH Q WKRUGHUUHVSRQVH    \ \ \ 
FDQEHJRWWKURXJKWKHHTXDWLRQ
7KHSULQFLSOH RI9DQGHUPRQGH LV VLPSOH DQG LW LV HDV\ WR DFKLHYH )RUZHDN QRQOLQHDU V\VWHPV OLNH
$'&V ZLWK OLWWOH DIIHFWLRQ RQ WKH KLJKHU RUGHU NHUQHOV RQO\ QG RU UG RUGHU NHUQHO LV LQ QHHG 6R
9DQGHUPRQGH PHWKRG KDV JUHDW DGYDQWDJHV LQ VROYLQJ Q WKRUGHU NHUQHOV RI 9ROWHUUD VHULHV DFFRUGLQJ
FDOLEUDWHQRQOLQHDUL]DWLRQRI$'&V
0XOWLWRQHVLJQDOVPHWKRG
0XOWLWRQH VLJQDOV PHWKRG LV DFWXDOO\ DQ LPSURYHPHQW RI 9DQGHUPRQGH PHWKRG $FWXDOO\
9DQGHUPRQGH PHWKRG LV QRW WKDW UHDVRQDEOH GXULQJ KLJK RUGHU NHUQHOV PHDVXULQJ ZKHQ LJQRUHV WKH
LQIOXHQFHRIKLJKHURUGHUNHUQHODQGPHDVXUHPHQWQRLVH7KHUHIRUHDQLPSURYHGPXOWLWRQHVLJQDOVPHWKRG
LVLQQHHG7KHPDLQLGHDRIWKLVPHWKRGLVWRWUDQVODWHWKHLQSXWVLJQDOLQWRVXSHUSRVLWLRQVLJQDOVJHWWLQJ
ULGRIVRPHIUHTXHQFLHVRIWKHLQSXWVLJQDOWKHQXVH9DQGHUPRQGHPHWKRGIRUPHDVXULQJ>@+RZHYHU
WKLV PHWKRG LQFUHDVH WKH FRPSOH[LW\ RI LQSXW VLJQDO DQG DW WKH VDPH WLPH LQFUHDVH WKH FRPSOH[LW\ RI
VROYLQJSURFHVVRIQ WKRUGHUUHVSRQVH
$FFRUGLQJ WRYDULRXVNLQGVRI IDFWRUV OLNH WKHFKDUDFWHULVWLFVRI9ROWHUUDVHULHV LQSRVWFDOLEUDWLRQRI
$'&GLIILFXOWLHVRIVROYLQJDOORUGHUNHUQHOVDOJRULWKPFRPSOH[LW\DQGWKHFKDUDFWHULVWLFVRI$'&FLUFXLW
LWVHOI9DQGHUPRQGHUPHWKRGLVFKRVHQWRJHW Q WKRUGHUNHUQHOVRI9ROWHUUDVHULHVLQWKLVSDSHU
5HVXOW
$V GLVFXVVHG DERYH IRU GHWHUPLQLQJ DQ Q WK RUGHU 9ROWHUUD NHUQHO ZKLFK LV DQ Q GLPHQVLRQDO
IXQFWLRQ DQ LQSXW VLJQDO ZLWK DW OHDVW Q IUHTXHQFLHV LV UHTXLUHG ,Q WKH PHDVXUHPHQW SDUW D QDWLRQDO
VHPLFRQGXFWRU$'&*+]*+] LVXVHG)RUPHDVXULQJ  I+ RQO\RQHJURXSRIGDWDQHHGV
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